We report the results of 870-µmcontinuum observations, using the Large APEX Bolometer Camera (LABOCA), towards 77 class-II, 6.7-GHz methanol masers identified by the Methanol Multibeam (MMB) survey to map the thermal emission from cool dust towards these objects. These data complement a study of 630 methanol masers associated with compact dense clumps identified from the ATLASGAL survey. Compact dust emission is detected towards 70 sources, which implies a dust-association rate of 99 per cent for the full MMB catalogue. Evaluation of the derived dust and maser properties leads us to conclude that the combined sample represents a single population tracing the same phenomenon. We find median clump masses of a few 10 3 M ⊙ and that all but a handful of sources satisfy the mass-size criterion required for massive star formation. This study provides the strongest evidence of the almost ubiquitous association of methanol masers with massive, star-forming clumps. The fraction of methanol-maser associated clumps is a factor of ∼2 lower in the outer Galaxy than the inner Galaxy, possibly a result of the lower metallicity environment of the former. We find no difference in the clump-mass and maser-luminosity distributions of the inner and outer Galaxy. The maser-pumping and clump-formation mechanisms are therefore likely to be relatively invariant to Galactic location. Finally, we use the ratio of maser luminosity and clump mass to investigate the hypothesis that the maser luminosity is a good indicator of the evolutionary stage of the embedded source, however, we find no evidence to support this.
uitous association of methanol masers with dust emission and their exclusive association with massive star formation has still not been robustly demonstrated.
Methanol masers have been found to be mostly associated with the earliest stages of massive star formation (e.g., Minier et al. 2003; Urquhart et al. 2014c ) and therefore provide a convenient and straightforward way of identifying a large sample of young embedded massive stars in a range of different environments across the Galaxy. The Methanol Multibeam (MMB) survey (Green et al. 2009 ) has identified 703 methanol masers between 186
• < ℓ < 20
• and |b| < 2 • with a further 4 masers being found towards the OrionMonoceros Complex (Green et al. 2012) . The full published catalogue therefore consists of 707 methanol masers Green et al. 2010; Caswell et al. 2011; Green et al. 2012) . Distances have been determined for the majority of these masers from the radial velocity of the strongest intensity maser component and the Reid et al. (2009b) Galactic rotation model. Archival H i data has been used to solve the near/far kinematic-distance ambiguity inherent to all sources located within the Solar circle (Green & McClure-Griffiths 2011) .
The ATLASGAL survey has mapped 420 square degrees of the inner Galaxy (Schuller et al. 2009; 280 • < ℓ < 60 • and |b| < 1.5
• ) at a wavelength of 870 µm where it is sensitive to the thermal emission from cold dust. This survey has identified ∼10,000 dense clumps located throughout the inner Galactic plane. The ATLASGAL Compact Source Catalogue (CSC; Contreras et al. 2013; Urquhart et al. 2014a ) is ∼98 per cent complete above 5σ (∼300 mJy beam −1 ) and is sensitive to all compact (< 2 ′ ) massive clumps (>1000 M ⊙ ) to a heliocentric distance of 20 kpc.
There are 671 methanol masers located in the region common to both the ATLASGAL and MMB surveys (i.e., 280
• and |b| < 1.5
• ). In a previous study we correlated the positions of these masers with the ATLASGAL CSC ; hereafter Paper I) and were able to positionally associate 630 methanol masers with 577 dense clumps. Combining distances calculated by Green & McClure-Griffiths (2011) with additional analysis presented in Paper I we were able to resolve the heliocentric distances to ∼500 of these ATLASGAL-MMB associated clumps and estimate their dust properties, masses and Galactic distribution.
Curiously, this study failed to identify the host clumps for 41 methanol masers located within the ATLASGAL region. However, inspection of the mid-infrared images and dust-emission maps revealed that many of these masers do appear to be associated with either mid-infrared extinction, dust lanes or diffuse 8-µm emission, all of which are often found towards star-forming regions. Furthermore, there is evidence of weak or diffuse low surface brightness dust emission towards a large number of these undetected sources. It is therefore likely that they are indeed star-forming regions but that their associated dust emission falls below the threshold required for detection and inclusion in the ATLASGAL CSC. However, for a small number of methanol masers, there is no evidence of association with star formation in the mid-infrared images or any dust emission, weak or otherwise. We speculated that these masers may be associated with more evolved stars and, although this was considered rather unlikely, we were unable to discount this possibility without additional data.
In order to investigate the nature of these 41 methanol masers undetected in ATLASGAL, we have conducted more sensitive submillimetre-continuum observations with the APEX telescope. In addition, we observed 36 masers located outside the region of the Galactic plane surveyed by ATLASGAL (i.e., 280
• and |b| > 1.5
• , or 180 • < ℓ < 280 • ). Although the number of methanol masers located outside the ATLASGAL region is relatively small (∼5 per cent of the MMB catalogue) their inclusion in the sample is important as they constitute approximately 50 per cent of the methanol masers found outside the Solar circle.
Combined with the ATLASGAL-MMB associations already established, these additional observations provide a complete census of the dust properties and environments of massive star forming clumps associated with methanol masers. This large representative sample covers a significant fraction of the Galactic plane and Galactocentric distances (2-14 kpc) and therefore provides robust statistical results that are applicable to the whole Galactic population. We use this sample to make statistically reliable comparisons of physical properties of the methanol masers and their host clumps as a function of Galactic location.
The structure of this paper is as follows: in Sect. 2 we describe the observations and data reduction procedures. We also briefly describe the source extraction and consistency tests used to check the reliability of the catalogue produced. In Sect. 3 we present the results of the observations, while in Sect. 4 we discuss the methods used to determine distances to the new associations. Also in Sect. 4 we estimate the physical properties of the methanol masers and their host clumps and briefly discuss their distributions. In Sect. 5 we discuss the properties of the new associations with respect to the previous analysis and investigate the nature of the methanol masers not associated with dust emission. We also discuss the Galactic distribution of the whole sample and compare the properties of the inner and outer Galaxy populations, and test the hypothesis that the methanol maser luminosity can be used as a reliable indicator of the evolutionary state of the embedded protostellar object. We present a summary of our main findings in Sect. 6.
APEX OBSERVATIONS AND DATA REDUCTION
To complement the sample of inner Galaxy methanol maser associated clumps identified in Paper I, we have made submillimetre continuum observations towards 77 MMB sources that either lie outside the region covered by the ATLASGAL survey (i.e., 180
• < ℓ < 280
• or |b| > 1.5 • ) or were not found to be associated with an ATLASGAL source. Fig. 1 shows the Galactic distribution of the MMB sources and indicates those observed as part of this project.
These observations were made with LABOCA (Siringo et al. 2009 ) between 26 and 31 August, and 31 October and 4 November 2012. The observing conditions were good with precipitable water vapour (PWV) measurements between 0.7 and 2.6 mm with a median value of ∼1 mm. A region of 6-10 ′ diameter was mapped, centred on the position of the methanol maser. Sky dips were made at the beginning of each observing session and repeated typically every few hours to measure the atmospheric optical depth. Observations of a planet and secondary calibrators were also made on a similar time scale for the purposes of absolute flux calibration and to correct the telescope pointing. The data reduction package BoA (Schuller 2012 ) was used to process the observations using standard procedures.
Experiment (APEX). APEX is a collaboration between the Max-PlanckInstitut fur Radioastronomie, the European Southern Observatory, and the Onsala Space Observatory. In total, 72 fields were observed with five fields containing two masers (i.e., G189.030+00.783, G208.996−19.386 -Orion A, G305.634+01.645, G307.132−00.476 and G345.012+01.797); 32 fields towards the methanol masers located outside the ATLAS-GAL region with typical integration times of ∼6 minutes, and 40 fields located within the ATLASGAL region where longer integration times of ∼15-30 minutes were used in order to improve on the sensitivity of ATLASGAL. The mean map sensitivities achieved for the shorter and longer integration times is ∼142±78 and 51±8 mJy r.m.s., respectively, and a standard deviation of ∼10 mJy beam −1 . We note that the mean sensitivity obtained by the deeper integrations is only marginally better than that of AT-LASGAL (i.e., survey average ∼60 mJy beam −1 ). However, many of these sources are located in complex regions where the AT-LASGAL sensitivity is poorer and therefore the observations reported here represent a factor of two sensitivity improvement. To improve the signal-to-noise ratio (SNR) in the maps and place a tighter constraint on the upper limit we have co-added both the ATLASGAL and our maps together, however, the improvement is rather modest (∼20 per cent) and so this has only been done for the non-detections. We present the observational parameters for the observed fields in Table 1 .
The source extraction was preformed using the SExtractor algorithm using the same method and input parameters used to produce the ATLASGAL CSC (see Contreras et al. 2013 for details). In total 303 sources were detected with an average of 3 submillimetre sources found in each field. Of these, we find 53 that are located within the ATLASGAL region that were previously detected and reported in the ATLASGAL CSC. We use these to check our calibration by comparing the measured fluxes with those previously reported (Fig. 2) . We find good agreement, with an average peak flux density ratio of 1.09±0.03 and a standard deviation of ∼20 per cent; the absolute flux uncertainty of the ATLASGAL survey is ∼15 per cent (Schuller et al. 2009 ).
In Table 2 , we present the extracted source parameters for the 303 submillimetre sources identified. This table has the same format and columns as the ATLASGAL CSC to facilitate comparisons between the two samples. We note that, in 13 of these sources, SExtractor was unable to determine a reliable integrated flux due to the complexity of the emission. In Fig. 3 we present examples of the reduced emission maps for three of the observed fields (the full version of this figure will be available in the online version of the paper).
Detection and matching statistics
We have matched 70 methanol masers with 68 submillimetre sources, two clumps being each associated with two masers. In the upper and middle panels of Fig. 3 we present maps of the 870-µm emission towards two of these. In Paper I there is a strong correlation between the peak submillimetre emission and the position of the methanol maser and this is also the case for these new associations. The median angular offset between the methanol maser position and the peak of the submillimetre emission is ∼6 ′′ . We have not detected any significant submillimetre emission towards 7 maser sources. However, we note the presence of some diffuse emission towards two of these (MMB014.521+00.155 and MMB356.054−00.095; we will take a more detailed look at all of these non-detections in Sect. 5.2). In the lower panel of Fig. 3 we present 870-µm emission maps for one of the seven methanol masers towards which no emission is detected. We estimate a 3-σ upper limit for the dust emission associated with these masers from the standard deviation of pixels in a box centred on the maser position. These values are presented in Table 3 .
The more sensitive observations presented here have resulted in 870-µm emission being detected towards 35 of the methanol masers not previously associated with dust emission in Paper I. These additional observations have therefore been ∼90 per cent successful in identifying the clumps hosting these methanol masers as well as allowing more stringent upper limits to be placed on the seven unassociated methanol masers. LASGAL survey region that have been re-observed (blue circles) are clearly clustered around the 5σ ATLASGAL survey's sensitivity limit (0.3-0.5 Jy beam −1 ). These are the weakest submillimetre sources and seem to follow the overall correlation between the methanol maser and 870-µm emission to lower fluxes.
DISTANCES

Associations with Complexes
Gemini and Auriga Regions
The Gemini and Auriga regions cover a Galactic longitude range of ℓ = 170 − 194
• and |b| < 10
• and a velocity range of −30 km s −1 < V LSR < +40 km s −1 . There are 6 methanol masers located towards these regions with velocities between −5.5 and 18 km s −1 that are therefore likely to be associated. Since kinematic distances towards the Galactic anti-centre are notoriously unreliable we have adopted the distance (2 kpc) to these regions reported by Kawamura et al. (1998) , with the exception of MMB188.784+01.033 and MMB188.946+00.886 (S 252) for which maser parallax distances are available (i.e., Niinuma et al. 2011 and Reid et al. 2009a, respectively) .
Orion-Monoceros Complex
This complex covers a Galactic longitude range of ℓ = 204
• − 218
• and consists of three giant molecular clouds (GMCs), Orion A, Orion B and Mon R2 . Four methanol masers are found towards these GMCs (Green et al. 2012) . The distance to the Orion complex has been determined from maser parallax measurements to be 414±7 pc (Menten et (1) name derived from Galactic coordinates of the maximum intensity in the source; (2)-(3) Galactic coordinates of maximum intensity in the catalogue source; (4)-(5) Galactic coordinates of emission centroid; (6)- (8) semi-major and semi-minor size and source position angle measured anti-clockwise from Galactic north; (9) effective radius of source; (10)-(13) peak and integrated flux densities and their associated uncertainties; (14) SExtractor detection flag (see (Bertin & Arnouts 1996) notes on these flags); (15) signal to noise ratio (SNR) -values for sources with peak flux below 6σ detection should not be used blindly. 0.52 0.14 · · · · · · · · · a Sources that appear to be associated with weak diffuse emission are identified by ⋆.
2007
) and this distance has been adopted for all four methanol masers associated with this complex.
Vela Molecular Ridge
The Vela Molecular Ridge covers a Galactic longitude range of ℓ = 260
• to 270
• and is dominated by nearby emission located at a distance of ∼700±200 pc (Netterfield et al. 2009 ). The complex spans a velocity between 0 and 12 km s −1 (Murphy & May 1991; May et al. 1988 ) and we find 7 of the 8 methanol masers found towards Vela have velocities within a few km s −1 of this range. These methanol masers are likely to be associated with this region and we therefore adopt the complex distance of 0.7 kpc for these masers. The only methanol maser located towards this region not associated is MMB269.456−01.467, which has a velocity of 56.1 km s
and is likely to be located in the background.
Literature distances
In addition to the complexes mentioned we have searched the literature to assign distances to the remaining methanol masers. Kinematic distances have been determined for 17 of these masers by Green & McClure-Griffiths (2011) 2 , spectrophotometric distances have been determined for 2 masers by Moisés et al. (2011) and maser parallax distances are available for another 2 sources (MMB196.454-01.677 and MMB232.620+00.996; Honma et al. 2007 and Reid et al. 2009b, respectively) . Combined with the sources associated with complexes, these two steps provide distances for 38 of the 77 methanol masers of interest for this study.
Kinematic distances
We are left with 39 methanol masers for which a distance is not currently available in the literature. For these sources we have determined kinematic distances using the Brand & Blitz (1993) rotation model and assume that the radial velocity of the molecular clump hosting the maser is similar to the velocity of the peak intensity of the maser emission. We exclude four of these sources that are located within 10
• of the Galactic Centre where the large uncertainties associated with kinematic distances render them unreliable.
Galactic rotation models, such as that of Brand & Blitz (1993) , provide a unique distance for sources located outside the Solar circle (i.e., Galactocentric radius (R gc ) > 8.5 kpc; we refer to Example SGPS H i spectra towards the methanol masers located within the Solar circle for which no reliable distance was available in the literature. The source velocity (v s ) and the velocity of the tangent point (v t ) are shown by the red and blue vertical lines, respectively. The grey vertical band covers the velocity region 10 km s −1 either side of the tangent velocity, within which sources are assumed to be at the tangent position. The lower panel shows the only source associated with a strong absorption dip at the same velocity as the peak maser emission, which is therefore likely to be located at the near distance. The full version of this figure is available as supplementary material in the online version of the journal.
this as the outer Galaxy). However, for sources with R gc < 8.5 kpc (inner Galaxy) the radial velocity corresponds to two possible distances spaced equally on either side of the tangent distance, commonly referred to as the near and far distances. This degeneracy is known as the kinematic distance ambiguity (KDA). Of the 35 sources for which we have determined kinematic distances, 16 are located in the outer Galaxy and are therefore not affect by KDAs. A further 5 sources are found to have velocity within ∼10 km s −1 of the tangent velocity, which has been determined from the termination velocity of the Galactic H i emission (i.e., McClure-Griffiths & Dickey 2007) . These have been placed at the distance of the tangent point. The remaining 14 sources are located within the Solar circle and are associated with KDAs. We solve 6 of these by assigning an upper limit on their allowed distance from the Galactic mid-plane of 120 pc (i.e., ∼5 times the Galactic scale height of massive stars; Urquhart et al. 2014b) ; if a far distance would place the source above this limit a near distance is considered more likely.
For the remaining 8 sources we use H i spectra extracted from the Southern Galactic Plane Survey (SGPS; McClure-Griffiths et al. 2005) to examine the emission profile near to the maser velocity. If we find an absorption dip in the H i spectrum at the same velocity then a near distance is preferred, otherwise a far distance is considered more likely (for a detailed discussion of this method see Roman-Duval et al. 2009 ). In Fig. 5 we present the H i spectra extracted towards the positions of two of these methanol masers. From inspection of these spectra we have placed 7 sources at the far distance and one source at the near distance (i.e., MMB303.869+00.194).
Combining these kinematic distances with those found in the literature discussed in the previous two subsection, we have collated distances for 73 methanol masers in our sample. The other four sources have been excluded as they were found to be located towards the Galactic Centre.
Distance distribution
In addition to the distances for the new detections, we have used new maser parallax measurements (i.e., Reid et al. 2014 ) and kinematic solutions derived from H i analysis of ATLAS-GAL clumps (i.e., Wienen et al., 2014) to refine and expand the number of masers with distance estimates. Furthermore, analysis presented in Paper I revealed 4 methanol masers that are associated with clumps having abnormally low masses (<1 M ⊙ ) that were clearly distinct from the general distribution; these are MMB348.195+00.768, MMB342.954−00.019, MMB316.412−00.308 and MMB344.581−00.024. Near distance solutions where found for all of these sources (Green & McClure-Griffiths 2011; Urquhart et al. 2014c) , albeit with low confidence. It is worth noting that all of these sources have velocities close to zero and therefore their kinematic distances are likely to be very uncertain. Given the large difference between the masses of these associated clumps a near distance is rather unlikely and therefore we have assume far distance for all of these sources. A full discussion of these distance adjustments is beyond the scope of this paper and will be presented in a future research note, however, these distance adjustments do not significantly change the overall distributions of any of the parameters discussed here.
In Fig. 6 we present an updated version of the distance distribution presented in Paper I, incorporating the 68 new maserassociated clumps. This plot shows the distance distribution of 540 methanol-maser associated clumps. The overall distribution is bimodal, with peaks at 3-4 kpc and 11-12 kpc. The new maserassociated clumps located within the ATLASGAL region are clearly more distant with a peak at ∼11-12 kpc, which is consistent with the dust emission associated with these methanol masers falling below the ATLASGAL survey's sensitivity limit and resulting in their non-detection in Paper I.
The methanol masers that lie outside the ATLASGAL region are either located in the outer Galaxy (186 • < ℓ < 280 • ) or are located at high latitudes (|b| > 1.5
• ). In both cases, this subsample is dominated by nearby lower-luminosity objects with only a few sources having distances larger than a few kpc. The two minor peaks seen in the distribution at 0.5 and 2.5 kpc are the masers associated with the Orion-Monoceros Complex and the Vela Molecular ridge, and the Galactic anti-centre, respectively.
PHYSICAL PARAMETERS
In the next few subsections we provide a brief outline of the steps used to derive the clump physical properties and we refer the reader to Paper I for further details. Fig. 7 shows the distribution of the new matches with respect to that of the full sample. The derived properties of the methanol masers and their host clump are listed in Table 4 .
Effective radius
The source effective radius is calculated from the geometric mean of the beam-deconvolved major and minor axes (Eqn. 6 of Rosolowsky et al. 2010) :
where σ bm is the r.m.s. size of the beam (i.e., σ bm = θ FWHM / √ 8 ln 2 ≃ 8 ′′ ). Following Rosolowsky et al. (2010) to be consistent with the analysis presented in Paper I we adopt a value for η of 2.4; this is roughly equivalent to the usual source effective radius R eff = √ (A/π) (where A is the surface area of the source; Dunham et al. 2011) . Combining this angular size with the kinematic distances we calculate the physical size of the host dust clump. We present the distribution of the clump sizes for the whole sample in the upper left panel of Fig. 7 and give the sample statistics in Table 5 . Although the sample covers a large range of physical scales, from sizes expected for individual cores to whole molecular clouds, the majority falls into the size range expected for clumps and for simplicity we will use this terminology to describe the whole sample.
Clump mass and peak column densities
The clump masses are estimated from the integrated submillimetre flux density using a temperature of 20 K and assuming that the dust emission is optically thin, using
where S ν is the integrated 870-µm flux, D is the heliocentric distance to the source, R is the gas-to-dust mass ratio (assumed to be 100), B ν is the Planck function for a dust temperature T D , and κ ν is the dust absorption coefficient taken as 1.85 cm 2 g −1 (see Paper I and Schuller et al. (2009) for more details). Clump peak column densities are estimated from the peak 870-µm flux density, again assuming an isothermal dust temperature of 20 K, using the following equation:
where Ω is the beam solid angle, µ is the mean molecular weight of the molecular interstellar medium, which we assume to be equal to 2.8, and m H is the mass of an hydrogen atom. The mass and column density distributions are presented in the upper-right and lower-left panels of Fig. 7 , respectively. The mean clump mass in this sample is approximately 2000 M ⊙ , which is sufficient to produce a cluster of stars that includes at least one massive star with a stellar mass of 20 M ⊙ (assuming a standard initial mass function and 30 per cent star-formation efficiency, e.g., Lada & Lada 2003) . Also, the peak 870-µm column density of the new maser-associated clumps measured with the more sensitive observations are among the lowest detected. This may be because these sources are among the most distant. Fig. 7 clearly illustrates the beam-dilution effect of distance upon measured column density, with sources in both new subsets having similar masses but with column densities separated by an order of magnitude.
Methanol maser luminosities
Integrated fluxes are not yet available for the MMB catalogue and we must therefore use the peak 6.7-GHz flux density to obtain an estimate of the methanol maser's "luminosity" using the following equation and assuming the emission is isotropic:
where D is the heliocentric distance in kpc and S ν is the methanol maser peak flux density in Jy. L MMB thus has units of Jy kpc 2 . It should be noted here that, in general, astronomical masers are not expected to radiate isotropically, especially if they are amplifying a background continuum source.
The luminosity distribution of the whole dust-associated sample is shown in the upper right panel of Fig. 7 . We note the presence of a small peak at the lower end of the main distribution, which was not present in the previous plot presented in Paper I. This peak includes all of the methanol masers associated with the OrionMonoceros complex and the Vela Molecular Ridge, which are two of the nearest massive star forming regions. We are therefore likely to be picking up weak methanol masers, perhaps associated with a population of very young and/or relatively low-luminosity protostellar objects, that are largely missed towards other more distant massive star-forming regions.
DISCUSSION
The nature of the new detections
As mentioned in the Introduction, the analysis of the ATLASGAL and MMB catalogues in Paper I failed to find a match for 41 methanol masers, which led to some speculation as to their nature. The more sensitive observations reported here have resulted in the detection of 870-µm continuum emission towards all but six of these. We have also detected compact emission from cold dust towards 35 of the 36 masers located outside the ATLASGAL survey region. Putting these results in a more global context, when we (1) and (2) MMB and submillimetre source names; (3) angular offset between the peak of the submillimetre emission and the maser position; (4) ratio of the semi-major to semi-minor sizes of the ATLASGAL source; (5) ratio of the integrated and peak submillimetre emission (Y-factor); (6) heliocentric distance; (7) heliocentric distance reference; (8) Galactocentric distance; (9) effective physical radius; (10) column density; (11) clump mass derived from the integrated 870-µm emission assuming a dust temperature of 20 K; (12) The relationship between clump mass and methanol-maser luminosity for the 527 MMB-clump associations for which we have a distance. Colours are as described in Fig. 1 . The dashed box shows the region of parameter space within which the sample is complete at a distance of 20 kpc, containing 312 sources. The long-dashed and dotted green lines show the power-law fits to the whole sample and to a distance-limited subsample (between 3 and 5 kpc). The slopes agree within the errors and the solution for the distance-limited sample is Log(L MMB )=(1.17 ± 0.06) × Log(M clump ) + (−0.47 ± 0.20). A partial-Spearman correlation test (Collins & Mann 1998) to remove the dependency of both of parameters on distance yields a coefficient of 0.41 with a p-value ≪ 0.01.
combine the 70 methanol masers detected here with the observations presented in Paper I, we have detections of compact submillimetre emission in 700 sources from the MMB catalogue out of a total of 707, which corresponds to 99 per cent of the whole catalogue. Furthermore, we find the clump masses, maser luminosities and sizes to be similar to those of the larger sample presented and discussed in Paper I. We have therefore confirmed that the vast majority of methanol masers are associated with dense clumps and thus with the star-formation process.
Figs. 8 and 9 show the mass-luminosity and mass-size relations for all the maser-clump matches presented in the previous paper with the new matches overplotted. These plots are discussed in detail in Paper I and so we will not dwell on the significance of these correlations here and we refer the reader to that paper for more information.
The similarity between the distribution of the new detections in Figs. 8 and 9 and of the slopes derived from power-law fits with those determined in Paper I, would suggest that the combined sample represents a single population and that all sources are likely to be tracing the same phenomenon. Furthermore, ∼99 per cent of the methanol masers are associated with clumps that satisfy the Kauffmann et al. (2010) (Kauffmann et al. 2010) . The orange shaded area towards the top of the diagram indicates the region in which young massive cluster progenitors are expected to be found (Bressert et al. 2012) . A power-law fit to the data gives Log(M clump )=(1.74 ± 0.04) × Log(R eff ) + (3.42 ± 0.01). The partial Spearman correlation test yields a correlation coefficient of 0.81 with a p-value ≪ 0.01, independent of mutual dependence on distance. The sample size is 434.
a handful of methanol-maser associated clumps fail this test). This provides the strongest evidence so far that methanol masers are an almost ubiquitous tracer of massive star formation.
Nature of the methanol maser non-detections
There are seven methanol masers that have not been associated with 870-µm emission (i.e., SNR > 3). The catalogue names and derived parameters for these sources are given in Table 3 . To investigate the nature of these methanol masers in more detail we have produced composite images from the publicly available level-2.5 tiles of the Hi-GAL open-time Key Project (Molinari et al. 2010 ) obtained from the Herschel Science Archive. 3 In Fig. 10 we present three-colour images using the 70, 250 and 350 µm filters for six of these masers (MMB293.723−01.742 lies outside the HiGAL latitude range). All but one of these masers are associated with compact 70-µm emission. Only MMB337.517−003.348 appears to be dark at 70 µm but this source is at a distance of 17.1 kpc and so this may be a sensitivity issue and, indeed, the estimated upper limit derived for its clump mass is poorly constrained (M clump < 154 M ⊙ )). However, none is associated with any compact emission at longer wavelengths, which suggests that they are significantly warmer and less embedded than the rest of the methanol-maser population. There is some evidence of diffuse 350-µm emission coincident with MMB014.521+00.155 and MMB356.054−00.095. These are the same two sources towards which we find weak, diffuse 870-µm emission (see Sect. 3.1); however, the absence of any compact emission coincident with the position of the masers suggests that this is unlikely to be directly associated with these sources. The lack of any obvious 350-µm emission probably means that deeper 870-µm observations will not help and that these sources are likely to be associated with significantly lower dust column densities than the rest of the sample.
We considered the possibility that these methanol masers may be spurious detections or the result of sidelobe contamination. However, given that 5 of them are coincident with compact 70-µm sources makes this unlikely. Another possibility is that the lack of contrast seen in the longer wavelength images could be a result of significant contamination from foreground material along the line of sight towards these sources. The combination of weak 350-and 870-µm emission and compact 70-µm emission is a little unexpected and suggests that these methanol masers are somewhat different from the rest of the population, however, further speculation on their nature requires additional data.
Galactic distribution
In Fig. 11 we present a schematic diagram of the Milky Way that includes many of the key elements of Galactic structure, such as the location of the spiral arms and the Galactic long and short bars. In the left panel we show the positions of all methanol masers associated with submillimetre continuum sources, for which a distance is available, while in the right panel we include only those matches above our completeness criteria (i.e., M clump > 1000 M ⊙ and L MMB >1000 Jy kpc 2 ). As discussed in Paper I there is a good correlation of the positions of the methanol masers with the Sagittarius and ScutumCentaurus spiral arms, with the intersection of the end of the southern part of the long bar and the start of the Perseus arm. However, the correlation between the parts of the Perseus and Outer arms located in the third quadrant, which are relatively nearby compared to the other features mentioned, is significantly poorer. We considered that this might be the result of the limited latitude range of the MMB survey (i.e., |b| < 2
• ) and the deviation of these arms from the Galactic mid-plane to more negative values due to the Galactic warp. However, the Red MSX Source survey (Lumsden et al. 2013 ), which covers a larger range in Galactic lat- itudes (i.e., |b| < 5 • ), also found a low number of MYSOs and compact H ii regions associated with the arms located in the third quadrant (Urquhart et al. 2014b ). This suggests that little massive star formation is taking place in the outer parts of the Galaxy compared to the inner Galaxy or that star formation in spiral arms is patchy and/or intermittent (Urquhart et al. 2014b ).
In Fig. 12 we present the surface density of the whole sample of methanol-maser associated clumps and the subsample above the completeness criteria, as a function of Galactocentric distance. The peaks at 3, 5 and 6 kpc correspond to the far 3-kpc arm, the near section of the Scutum-Centaurus arms, and the end of the Galactic long bar, respectively. Although there is a good correlation between the methanol-maser associated clumps and the Sagittarius arm, the latter is not a prominent feature in the Galactocentric distribution, where we would expect to see a peak at ∼10 kpc. Although there are a number of massive star-forming regions associated with the Sagittarius arm, the star formation per unit area is relatively modest when compared to the segments of the spiral arms located inside the Solar circle. This is in stark contrast to the high surface density of MYSOs and compact H ii regions reported by Urquhart et al. (2014b) found to be associated with the Sagittarius arm and its association with RCW42, NGC3603 and G282.0−1.2 (Carina), which are some of the most active star-forming complexes in the Galaxy.
We find that approximately 10 per cent of all methanol masers are located in the outer Galaxy, while the corresponding fraction of MYSOs and H ii regions is approximately twice this value. If we assume that the MYSOs and H ii regions are a more reliable indicator of the presence of high-mass star formation, then the frequency with which methanol masers are associated with massive star-forming regions is, for some reason, lower in the outer Galaxy. Surface density distribution of all MMB-associated clumps located in the southern Galactic plane (i.e., 186 • < ℓ < 358 • ) and for which a distance is available (grey histogram) and the subsample of these that are above the two completeness criteria (yellow hatched histogram); these two samples contain 429 and 242 sources, respectively. The bin size is 0.5 kpc.
While it is unclear what the underlying cause of this might be, the physical and environmental conditions in the outer Galaxy are very different, with weaker stellar gravity, lower Hi density, less intense UV radiation fields, smaller cosmic-ray flux (e.g., Bloemen et al. 1984 ) and lower metallicity (e.g., Rudolph et al. 1997 ) than the inner Galaxy. It is also likely that the inner-and outer-Galaxy parts of . Differential clump-mass and maser-luminosity distributions for all maser-associated clumps located in the inner (grey) and outer Galaxy (yellow). The inner-and outer-Galaxy mass functions have fitted power-law slopes of −1.66±0.15 and −1.81±0.39, respectively. The inner-and outer-Galaxy luminosity functions have fitted slopes of −1.69±0.11 and −1.49±0.12. The uncertainties are estimated using Poisson statistics and the bin size used is 0.25 dex and 0.5 dex for the clump-mass and maser-luminosity distributions, respectively. the spiral arms are different from each other (e.g., Benjamin et al. 2005 ) with different star-formation mechanisms. The entry shock experienced by the interstellar medium (ISM) gas entering a spiral arm should only exist inside the co-rotation radius, where there is a differential velocity between the spiral pattern speed and the orbital rotation speed of the Galactic ISM. Outside this radius (thought to be just beyond the solar circle in the Milky Way; Lépine et al. 2011) , supernovae may be the dominant mechanism determining the state of the ISM and, hence, star formation (e.g., Kobayashi et al. 2008) .
A low density of 6.7-GHz methanol masers located between ℓ = 290
• and 305
• has been previously noted by Breen et al. (2011) . These authors also reported a significant decrease in the detection rate of 12.2-GHz methanol masers, which is half that found for the rest of study (i.e., 290
• < ℓ < 10 • ). A similar low density of both 6.7-and 12.2-GHz methanol masers has been found for the Large Magellanic Cloud (LMC), which has approximately 5 times fewer methanol masers, relative to its star-formation rate, than the Milky Way, . This has been attributed to the lower metallicity found in the LMC (Green et al. 2008; Ellingsen et al. 2010) and Breen et al. (2011) speculate that this may also explain the lower density of methanol masers in the outer Galaxy part of their survey. We can test this theory by comparing the methanol-maser luminosity and clump-mass functions for the inner and outer Galaxy populations.
Comparing the inner and outer Galaxy samples
Although the molecular clouds located in the outer Galaxy may only contribute 20 per cent of the Galactic massive star formation, they provide a useful laboratory in which to study star formation under very different initial conditions. Furthermore, there are observational advantages to observing sources in the outer Galaxy, e.g., kinematic distances are unambiguous and there is reduced diffuse background emission and so source confusion is minimised. For these reasons a number of studies of the outer Galaxy population of molecular clouds have been conducted (e.g., Wouterloot & Brand 1989; May et al. 1997; Nakagawa et al. 2005 ). These surveys have identified a significant number of molecular clouds and find that the clouds are typically smaller, less massive and have narrower line widths than those located within the inner Galaxy (e.g., Dame et al. 1986; Solomon et al. 1987) . However, the mass spectrum for inner and outer Galaxy clouds is found to be similar, which suggests that the cloud formation mechanism is independent of the Galactocentric radius, or that the mass spectrum is independent of the mechanism.
The left panel of Fig. 13 shows the clump-mass functions for the inner-and outer-Galaxy samples of methanol-maser associated clumps. Although the outer-Galaxy clumps are typically less massive than those located in the inner Galaxy, due to the smaller sample size, these two populations have fitted power-law slopes that are in excellent agreement, with values of ∼−1.8, similar to that found in a number of other studies of both molecular clouds and dense clumps. 4 We note that the uncertainty on the slope of the outer Galaxy sample is large. The good agreement in the slopes indicates that the mechanisms regulating the mass distributions of both clouds and the dense clumps within them are relatively invariant to Galactic location.
The right panel of Fig. 13 shows the methanol-maser luminosity functions for the inner and outer Galaxy. Comparing these two distributions, we find that they again have similar slopes (∼−1.6). That the slope is a little shallower than found for the clump mass function is to be expected, since the luminosity increases much more quickly than the mass for the embedded source (see Fig. 8 ).
The similarity between the inner-and outer-Galaxy luminosity functions suggests that basic conditions required for the maser emission, such as optical path length, pumping mechanism and volume densities, are also likely to be invariant to Galactic location.
The similarities of the clump mass and maser luminosity functions means that there is also no significant difference in the maser- luminosity to clump-mass (L mmb /M clump ) ratio (see Fig. 14) . The mean values for the inner-and outer-Galaxy samples are 6.2±0.9 and 6.3±1.6, respectively, and a Kolmogorov-Smirnov (KS) test is unable to reject the null hypothesis that these two samples are drawn from the same parent population (r = 0.92). At first glance this is somewhat surprising, given that the metallicity is approximately a factor of three lower in the outer Galaxy (Lépine et al. 2011) . However, it is also likely that the lower metallicity will result in a corresponding lower dust column density and so the clump masses are probably underestimated. If the underlying L mmb /M clump ratio were lower in the outer Galaxy due to this, it would be consistent with the lower metallicity hypothesis speculated upon by Breen et al. (2011) to explain the lower fraction of methanol masers found there.
Evidence for an evolutionary sequence
There have been a number of attempts to use the presence or absence of the various kinds of interstellar masers (e.g., class I and II methanol masers, OH and H 2 O), their properties and those of their host clump to define an evolutionary sequence for massive stars (e.g., Ellingsen et al. 2007 Ellingsen et al. , 2011 . This evolutionary framework is based on the stronger positional correlation found between more luminous 6.7-and 12.2-GHz methanol masers and water masers, with OH masers and radio-continuum emission , which are typically associated with the most evolved embedded stages of the massive-star formation process. In this subsection we will use the derived clump properties and methanol-maser luminosities to further explore this evolutionary model.
As a consequence of the large range of possible final stellar masses (and larger range of bolometric luminosities) for OB stars, the luminosity alone is not sufficient to determine the evolutionary stage of the embedded object. However, we should expect the L mmb /M clump ratio to increase as the embedded protostellar object evolves through the various evolutionary stages (i.e., hot molecular core → MYSO → UC H ii region phases). This is analogous to the mass-luminosity model used by Saraceno et al. (1996) to study the evolution of low-mass stars and developed by Molinari et al. Figure 15 . Physical offset between methanol masers and their associated MYSO and UC H ii regions (i.e., angular projected separation <2 ′′ ). In total, 113 associations have been identified (Urquhart et al. 2014c ) and these have an average separation of 0.023±0.002 pc and median value of 0.017 pc. The bin size used is 0.01 pc.
(2008) to track the evolution of high-mass stars embedded in massive clumps. In Paper I we found a correlation between the luminosities of 6.7-GHz methanol masers and the bolometric luminosity of the embedded objects and therefore the L mmb /M clump and L bol /M clump ratios should be equivalent. Also physically, if the masers are saturated, we expect the maser output to be linearly dependent on the photon pump rate. The basic premise of this model is that the bolometric luminosity increases dramatically during the embedded star's early evolution while the mass of the clump is relatively unaffected. L bol/mmb /M clump is therefore expected to increase as the embedded source evolves towards the main sequence. This model has been reasonably successful in tracing the evolution of massive protostars (e.g., Molinari et al. 2008; Giannetti et al. 2013; Urquhart et al. 2014c) .
If the evolutionary model constructed from the maser studies is correct, we should find that the L mmb /M clump ratio increases as the embedded object evolves towards the main sequence. We can test this by comparing the L mmb /M clump ratio for a sample of methanol masers known to be associated with some of the more evolved embedded stages. For this we use the sample of methanol masers found to be associated with MYSOs and UC H ii regions identified by the RMS survey (Lumsden et al. 2013; Urquhart et al. 2014c ). To make sure that these associations are genuine, we require that the angular offset between the methanol maser and matched MYSO or H ii region is less than 2 ′′ and place a cut on the heliocentric distance of 10 kpc; these criteria ensure that the physical separation between the methanol maser and MYSO/H ii region is < 0.1 pc, the expected size of a protostellar core. Fig. 15 shows the physical separation between the methanol masers and their associated MYSO or UC H ii region counterparts. The distribution is strongly peaked towards physical separations of a few hundredths of a parsec and we can therefore be reasonably confident they are tracing the same embedded object. Fig. 16 shows the distribution of the L mmb /M clump ratio for the whole sample and for the subsample of methanol masers associated with MYSOs and UC H ii regions. If the methanol-maser luminosity were a good tracer of the evolutionary stage we would expect to Figure 16 . The L mmb /M clump ratio for the whole sample of methanolmaser associated clumps (grey), the MYSO-and UC H ii-region associated subsample (red) and unassociated methanol-maser clumps (green). In this plot, we combine the MYSO-and H ii-region associated samples, as both stages have been found to be close to the end of the main accretion phase (Urquhart et al. 2014c ). The bin size used is 0.5 dex. see a clear difference in the distribution of these subsamples, with higher values for the more evolved stages. However, this is manifestly not the case and the shapes of the two distributions are almost indistinguishable. The peaks of the distributions agree within their standard errors (6.9±1.2 and 10.2±2.6 for the methanol maser only clumps and MYSO/H ii region associated subsamples, respectively) and a KS test is unable to reject the null hypothesis that these two samples are drawn from the same parental distribution (p = 0.44).
From this, we conclude that the L mmb /M clump ratio is insensitive to the current evolutionary stage of the embedded object. This is a little surprising given the success of the L bol /M clump ratio and that clear differences in this ratio have been found between methanol-maser-only clumps and MYSO/H ii-region associated clumps (Urquhart et al. 2014c ). On average, the L bol /M clump ratio for the MYSO-and UC H ii-region associated clumps is twice that found for the maser-only clumps. This suggests that, while the bolometric luminosity increases as the source evolves, the maser luminosity remains relatively constant, assuming that the clump mass does not change significantly during the course of the massive star's evolution. Fig. 17 shows the methanol-maser and bolometric luminosities of the MYSO/H ii regions and of the methanol-maser-only associated clumps (Urquhart et al. 2014c) . The distribution of the two samples in this plot supports the conclusion that the maser luminosity is does not change significantly as the embedded source evolves and casts further doubt on the maser luminosity being a useful diagnostic of evolution, contrary to many of the maser-based evolutionary models (e.g. Breen et al. 2010 Breen et al. , 2011 Ellingsen et al. 2011 Ellingsen et al. , 2013 . One explanation for the disgreement is that the latter studies have interpreted differences in maser luminosity as indicative of age, while we have combined the luminosity and clump mass to take account of the embedded object's dependence on both age and mass. Another possible explanation is that the we may have underestimated the bolometric luminosities, which are estimated by scaling the 70 µm Hi-Gal luminosity (see Sect. 4.6.2 of Urquhart et al. 2014c for details), however, this is considered less likely. A more detailed analysis is beyond the scope of the current work but should be undertaken in the future to resolve these inconsistencies.
SUMMARY AND CONCLUSIONS
We present the results of a set of 870-µm continuum observations made towards 77 class II 6.7-GHz methanol masers identified by the Methanol Maser multiBeam (MMB) survey . Using the LABOCA instrument on the APEX telescope to map the thermal dust emission round each methanol maser (∼8 ′ diameter). Analysis of these maps has resulted in the identification of ∼300 compact sources and has matched 70 of the methanol masers targeted with submillimetre emission. Combining with the analysis of 630 methanol masers associated with dust emission from a previous study provides a complete census of submillimetre observations towards the entire MMB catalogue, which consists of 707 methanol masers. We estimate the physical properties of the methanol masers and their host clumps and examine their nature and Galactic distribution. Our main findings are as follows:
(i) When combined with the methanol masers previously studied, we find that the association rate is 99 per cent of the full MMB catalogue. Evaluation of the derived dust and maser properties leads us to conclude that the combined sample represents a single population and likely to be tracing the same phenomenon. Furthermore, we find typical clump masses of a few 10 3 M ⊙ and that all but a handful satisfy the mass-size criteria required for massive star formation. This study provides the strongest evidence of the ubiquitous association of methanol masers with compact dense clumps and shows them to be excellent signposts for identifying massive star forming regions.
(ii) We examined the publicly available Hi-GAL 70, 160, 250, 350 and 500 µm images towards the six of the seven methanol masers not currently associated with dust emission. We find weak emission coincident with two sources but no evidence that any of the others are associated with any significant cold dust emission. The absence of compact submillimetre continuum sources towards these methanol masers is likely to be real and not due to a lack of sensitivity of the observations. These methanol masers do appear to be significantly different from the rest of the population.
(iii) Comparing the ratio of inner and outer Galaxy methanol masers to the ratio of MYSOs and H ii regions, we find a significantly lower fraction of methanol masers located in the outer Galaxy. Approximately 20 per cent of the MYSO and H ii regions are found in the outer Galaxy compared to only 10 per cent of the methanol masers. The lower metallicity environment of the outer Galaxy may offer an explanation, however, further studies are required to confirm this.
(iv) We compare the clump-mass and maser-luminosity functions for the inner-and outer-Galaxy populations and find that although the outer-Galaxy associations are less massive and have lower maser luminosities than typically found in the inner Galaxy, the slopes of the two distributions are very similar. It seems likely that the clump-forming efficiency is invariant to Galactic location in much the same way that the mechanism for cloud formation appears to be.
(v) We use the ratio of the methanol-maser luminosity to clump mass to test the hypothesis that the maser luminosity is positively correlated with the evolutionary stage of the embedded source. We compare this ratio for a sample of methanol-masers associated with MYSOs and UC H ii regions with that for more isolated methanol masers and find no evidence for a link with evolution. From this we conclude that the maser luminosity is dominated by the bolometric luminosity of the embedded source and is not a good indicator of its evolutionary stage. 
